The dissolving potential of the Ca-minerals in concrete and limestone; and precipitation potential of metal ions from model acid water has been examined with attention to change of pH during the batch tests (L/S ratio = 300 ml /0.5 g, L = model solution with M x+ (Ni; As; Zn; Cu; Fe) cations and (SO 4 ) 2-anion). Both of materials are the source of alkalinity-generating and move pH of acid solution to alkali region. The neutralization initiates the precipitation of metal contaminants in form of insoluble compounds. It was confirmed, that concrete is able to edit pH value more significantly at test conditions than limestone (calcite) if the initial pH of water is  1.5. Main effective compound of concrete is the portlandite -Ca(OH) 2 . The fact that concrete generated more alkaline environment during two hours tests the metal ions have been removed from water by concrete more effectively (100 %).
Introduction
Industry and mining deteriorated localities are the primary sources of contaminated water. Usual pollutants of the acid mine drainage consist of heavy metal ions from sulphide minerals dissolved in water followed by pH drop to value of 2 -3 1-3. In an effort to prevent releasing and spreading the pollutants the remediation technologies, e.g. the permeable reactive barriers (PRB), are being developed 4-7. In this case, the effective reactive materials act through the chemical, physical and/or biological processes including dissolution and precipitation, sorption and oxidation/reduction. Reduction in the mobility and toxicity of metal contaminants is based on the neutralising of the acid groundwater and oxidation-reduction reactions. The contaminants are converted into the inactive states 8. Many environmentally friendly wastes e.g. recycled concrete, limestone, calcite-bearing zeolitic breccia, blast furnace slag, oyster shells, etc. are tested for this purpose 5,9-12. The main sources of alkalinity are some minerals e.g. anorthite (CaAl 2 SiO 8 ), portlandite (Ca(OH) 2 ), calcite (CaCO 3 ). Golab et al. 4 and Obiri-Nyarko et al. 7 summarized advantages and limitations of many kinds of specific reactive materials suitable to remove contaminants. Limestone, dolomite and lime are alkaline materials used for the acid mine drainage treatment whereas the mixture of limestone and sand is used to precipitate phosphate 9. Limestone is rock composed mainly from calcium carbonate. The solubility of calcite (CaCO 3 The batch tests were carried out at liquid-to-solid ratios (L/S) 300 ml/ 0.5 g at laboratory temperature. Experiments were carried out in a 500 ml glass flask on magnetic stirrer (Heidolph MR Hei standard) at 600 rpm. The dosage of 0.5 g sample was added to 300 ml of test solution. Sampling in amount of 15 ml was carried in times 10, 20, 30, 60 and 120 min; at the same time pH value was measured. The obtained samples were filtered. The concentrations of Ni, Zn, Cu, Fe, As, Ca, Mg, Al and Si ions in filtrates and reference solutions were measured by the inductively coupled plasma-atomic emission spectroscopy (ICP-AES/ iCAP 6000 Series) after acidifying by a drop of HNO 3 . The ability of limestone and concrete to remove Ni, Zn. Cu, Fe, As ions from model water under the conditions of the batch tests was evaluated from concentration changes of M x+ as follows: 
Results and discussion
As it is seen in Table 1 , the Ca content in limestone is almost two times higher than that of (Mg and Ca) in concrete. Calcium in concrete is bound mostly in the hydrated alumina-silicates, portlandite and carbonates. The measured specific surface area of 80 -100 µm of the grain size particle of concrete (12 - from surface measuring appertain to a limestone is typical for non-micro-and non-mesoporous material (Fig.1) . The shape and extension of hysteresis loop of concrete is associated with the capillary-shaped mesopores. The origin of the concrete porosity relates to its production; the micro-and mesopores remain in concrete after the evaporation of water. The greater surface and porosity which is characteristic for the concrete alone can be beneficial for its leaching. The addition of limestone and concrete to deionised water (0.5 g/ 300 ml) increased the initial pH (5.7) of water significantly but after 4 hours it began slightly to drop, as it is seen in Fig. 2 . Their addition to the slightly adjusted water by sulphuric acid (pH = 5.3) caused similar but more moderate changes of pH. These results confirm that the system achieves the steady-state very slowly and the process is not simple. Alkali carbonates solubility is the objective of the separate studies of several authors 15-17 and 13 refers that the addition of calcium carbonate into water caused the increase of pH to 9.93. Chemical interactions among the components in solution are driven by chemical disequilibrium that persists in the system Ability of concrete and limestone to remove the metal ions (Ni, As, Zn, Cu) from contaminated water and change of pH demonstrate the results in Fig. 3 and The results in Table 3 show the simultaneous increase basicity and Ca 2+ ion concentration in solution. All results confirm that pH and the Ca 2+ ion concentrations are higher in solutions with concrete than limestone after 60 min of testing. The pH of concrete containing solution converges to 10 -11 and limestone shifts the pH only to the value of 7 -9.5. This shift is explained as a result of dissolution of Ca 2+ compounds. The concrete creates a stronger basicity environment than limestone. The shift of pH to alkali region is more if a concentration sulphate in solution is higher and also milky of solution grew significantly with time. The significant effect of pH on the removal of ion metals from water can be seen in Fig. 3 with reproducible tests of Cu 2+ and Ni 2+ /limestone. Because the concrete increases the pH value of solutions more significantly it acts more effectively than limestone. The reason of progressive increasing of pH to 11 during long-time exposition is due to a composition of concretes (portlandite) 17. The solubility of Ni; Zn; Cu; Fe and Ca sulphates, carbonates and hydroxides is compared in the Fig. 4 -40 ) begins 21. Different solubility product constants of precipitates require control of pH to achieve optimal removal of metals. The co-/re-/precipitation of carbonates is dependent on a supersaturating (CO 3 ) 2-/(CO 2 ) of water. . The fine precipitates cover the grains and inhibit their dissolution. This complicated reaction system attains only very slowly the equilibrium state 18. The presence of other metal ions in solution can influence the sorption and precipitation processes therefore the experiments were carried out also by mixed solution of Ni beside in comparison to limestone is cause of this effect. The dissolution rate depends essentially on pH and the chemical reactivity of matter and reactive surface area. The acidity of initial solution has significant influence on solubility of Ca-minerals in concrete and limestone ( Table  4) . Higher Ca 2+ concentration in solution (initial pH 5.6) with concrete is caused by dissolution of portlandite. Fig. 7 . Data again confirm that the ability of concrete to remove Ni-(As)-Zn-Cu-(Fe) ions from water is more effective than limestone. The pH value of acid solution increases firstly very sharply together with the Ca 2+ concentration and then it increases only slowly. The limestone (calcite) converted the pH approximately only to (6.5 -7 .0) during 120 minutes. Because water in preference dissolves calcium compoundsportlandite, the concrete shifted pH up to 10 -11. 
Conclusions
An actual basicity of solution is decisive for metal ions (Ni, Zn and Cu) removal from water. The results proved that the crushed concrete increases the basicity more significantly (up to pH 11) than limestone. It is reason why the metal ions are removed by concrete more effectively. Nevertheless, the potential of concrete to convert pH from  2 to neutral region is lower than that of limestone. Main effective compound of concrete is the portlandite -Ca(OH) 2 and the limestone is calcite -CaCO 3 . The results indicate, the softly calcined limestone could be effective still than limestone and concrete.
Even if a removal of metal from solution converges to 100 %, the test-time of 120 min is too short for the system to achieve the equilibrium state. It is evident that obtained data depend on 
